General remarks.
All solvents and other reagents were commercially obtained and used as received. [AuCl(tht)] was prepared according to published procedures. 1 NMR spectra were recorded on an Avance DRX 300 (300 MHz) spectrometer, and 1 H shifts are reported in ppm relative to SiMe 4 , with the residual signal of the deuterated solvent as internal reference. Single-crystal structure analysis was carried out on a Rigaku XtaLAB mini II and Bruker Smart X2S diffractometer with graphite-monochromated Mo-Kα radiation (λ = 0.71073 Å). The structures were solved by direct methods (SHELXS-97) and refined by full-matrix least-squares on F 2 (SHELXL-97). 2, 3 The H atoms were calculated geometrically, and a riding model was applied in the refinement process. CCDC 1524169 -1524169 contain the supplementary crystallographic data for 1 and 2. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre at https://summary.ccdc.cam.ac.uk/structure-summaryform. Mass spectra were collected on a Finnigan LCQ DecaXPPlus ion trap mass spectrometer with ESI ion source.
Synthesis.
[AuCl(PN)] (1): In 25 ml dichloromethane [AuCl(tht)] (0.30 g, 0.94 mmol) and 2-diphenylphoshano-6-methyl-pyridine (0.26 g, 0.94 mmol) was stirred for one hour. The solvent was evaporated to ~2 ml in a stream of nitrogen. The addition of diethyl ether gave complex 1 as white solid. Crystals suitable for single crystal X-ray diffraction were obtained by gas-phase diffusion of diethyl ether into a solution of 1 in dcm. Elemental analysis: calc. for C 18 H 16 [Au 2 CuCl 2 (PN) 2 ]PF 6 (2): 0.20 g (0.39 mmol) of 1 was dissolved in 40 ml dcm. 73 mg (0.20 mmol) of [Cu(NCMe) 4 ]PF 6 was added to the solution and the mixture was stirred for 3 hours under nitrogen. After filtration, the solution was concentrated to ~4 ml. Complex 2 was obtained as white precipitate after addition of diethyl ether. Crystals suitable for single crystal X-ray diffraction were obtained by gas-phase diffusion of diethyl ether into a solution of 2 in dcm. Elemental Photophysical studies.
All measurements were performed under argon and rigorous exclusion of air to prevent luminescence quenching by molecular oxygen. For solid state measurements, single-crystalline bulk material has been used, which, prior to the photophysical studies, was analyzed by multiple unit cell determinations to ensure the absence of polymorphs. UV-visible absorption spectra were obtained on an Agilent 1100 Series Diode Array spectrophotometer using standard 1 cm path length quartz cells. Excitation and emission spectra were recorded on an Edinburgh Instrument FLSP920 spectrometer, equipped with a 450 W Xenon arc lamp, double monochromators for the excitation and emission pathways, and a red-sensitive photomultiplier (PMT-R928) as detector. The excitation and emission spectra were corrected using the standard corrections supplied by the manufacturer for the spectral power of the excitation source and the sensitivity of the detector. The quantum yields were measured by use of an integrating sphere with an Edinburgh Instrument FLSP920 spectrometer. The luminescence lifetimes were measured using a μF900 pulsed 60 W Xenon microsecond flashlamp, with a repetition rate of 100 Hz, and a multichannel scaling module, or with a TCSPC module using a nanoLED pulsed laser diode. The emission was collected at right angles to the excitation source with the emission wavelength selected using a double grated monochromator and detected by a R928-P PMT. Low temperature measurements were performed in an Oxford Optistat cryostat. Computational studies TD-DFT Calculations. Calculations (gas-phase) were performed with the ORCA 3.0.2 program suite. 4 Geometry optimisations were carried out with the PBE0 5 functional as implemented in ORCA. The def2-TZVP 6 basis set was used for all atoms together with the auxiliary basis set def2-TZVP/J in order to accelerate the computations within the framework of RI approximation. Relativistic effects of the Cu I complexes were accounted for by employing the ZORA 7 method, and van der Waals interactions have been considered by an empirical dispersion correction (Grimme-D3BJ). 8 TD-DFT calculations for the first 100 singlet and triplet excited states were performed with the same functional.
Representations of molecular orbitals were produced with orca_plot as provided by ORCA 3.0.2 and with gOpenMol 3.00. 9 Figure S7 . Transition difference plots for the first nine singlet FC transitions from the optimized geometry of the ground state S 0 of the trinuclear cation of 2. Figure S8 . Transition difference plots for the first six triplet FC transitions from the optimized geometry of the ground state S 0 of the trinuclear cation of 2.
HOMO
CAS/NEVPT2/SOC Calculations. The calculations have been performed using the ORCA program (Version 3.0.3). 10 The structure of the complex cation of 2 has been optimized at RI-PBE0-D3/def2-TZVP level of theory (see above). The starting orbitals were taken from natural MP2 orbitals obtained from a single point run using RI-SCS-MP2 level of theory with relaxed density (keywords "%mp2 density relaxed NatOrbs true end") but using def2-SVP basis sets for the lighter elements and the SVP-ZORA basis set for Cu 11 and Au 12 and the zero-order relativity approximation (ZORA) as it is implemented in ORCA was used. 13 For the SCF step of the final geometry, convergence criteria were set to "VERYTIGHTSCF SlowConv", also the "RIJCOSX" approximation was used 14 and "D3" was unset in the final SCF step.
The basic idea for the setup of the CA space (CAS) was to possibly emulate the higher states with single determinant configurations as they were suggested by the TD-DFT calculations. They have shown that the lowest singlet and triplet excitations are composed of mainly one virtual excitation from the ground state reference. An optical inspection of the difference density and the KS orbitals engaged, suggested that mainly virtual excitations from d z2 type orbitals at Au and Cu (oriented into ligand-metal-ligand directions as a "local" z-axis) into the LUMO and LUMO+1, which are almost pure *-type orbitals from the two pyridine moieties bound to Cu. Consequently we have used an orbital localization procedure (Pipek-Mezey, keyword "LocMet PM") onto the relaxed natural MP2 orbitals to be able to select the aforementioned metal d-orbitals as active occupied orbitals. Also in the SCS-MP2 natural orbitals the LUMO and LUMO+1 were of the desired *-pyridine orbitals. In this way a CAS of 5 electrons in 6 orbitals (CAS(5|6)) resulted. For efficiency and also to avoid incorrect higher excitations we have decided to only calculate the lowest 4 singlets and 4 triplets and to carry out the CAS-SCF as a state averaged CAS over these evenly weighted 8 states. During this CAS run it turned that the two Au d z2 type orbitals rotate into a set of positive linear combination and a negative linear combination (irrep a and b, note that the cation of 2 is of C 2 symmetry to good approximation) and that the positive (a type combination) is not active in this CAS space. At the same time also the *pyridine orbitals rotated analogous a and b combinations. Therefore we have removed the a type Au d z2 orbital from the CAS to arrive at CAS(4|4) with an active space of [b 2 a 2 a 0 b 0 ] (the Cu d z2 orbital formally transforms also like a). 15 Though these values indicate no numerically stable convergence we decided to use these states anyway for further computing since they seem to model closely the states predicted from the TD-DFT calculation and our primary goal for this calculation was to get an idea about the principal possibilities and size of the spin-orbit-coupling between these states. In detail the states are composed like: Hereby the occupations (like: 2110, …) refer to the active orbitals in the order as was outlined above:
[(Au d z2 b)(Cu d z2 a)(py-* a)(py-* b)]. We again note, that all states are as desired composed mainly of one configuration in close analogy to the TD-DFT results. The energetic ordering of these states is as maybe naively expected (from to the relatively small size of the exchange contributions) …T, S, T, S … with each pair of T (triplet) and S (singlet) belonging to the same configuration. . We note, that now the vertical S 0 →S n transition energies (357, 294 and 267 nm) are in surprisingly good agreement with the experimental observed absorption bands (see above), which confirms this model of the excited electronic states. Finally the spin-orbit coupling (SOC) between the NEVPT2 corrected states were calculated (keywords "%casscf" used was "rel dosoc true"). 17 In part large SOC matrix elements were found: 
The finally resulting vertical absorption spectra is: With these results as is outline in the main text one can estimate also the lifetimes of the triplet states using the Strickler-Berg estimation. The resulting values again were in surprisingly good agreement with the experimental values.
In conclusion: Using a simplistic model electronic structure it was possible to derive estimates for the size of SOC and ZFS as well as lifetimes of states. The results are in surprising agreement with experiments but may be largely based on error cancellation. Apart from numerical accuracy it is very likely that the nature of the configurations (orbital space) is described correctly in this simple model, most of all since this is also in agreement with the independent results from the TD-DFT calculations.
